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A B S T R A C T
Objectives: The aim of this study is to investigate the disinfecting properties of a modiﬁed salt solution
(MSS) and calcium hydroxide (Ca(OH)2) in a non-direct-contact ex-vivo model.
Methods: Seventy-four single-canal roots infected with Enterococcus faecalis were treated with 1% sodium
hypochlorite (NaOCl) irrigation or with NaOCl irrigation with subsequent dressing with MSS or Ca(OH)2.
After removal of the dressings, the roots were ﬁlled with bacterial growth medium and incubated for
seven days to enable the surviving bacteria to repopulate the root canal lumen. Growth was determined
by sampling the root canals with paper points before treatment (S1), after treatment (S2) and incubation
after treatment (S3). The colony forming units were counted at S1 and S2. At S3, growth was determined
as no/yes regrowth. The Kruskal–Wallis, McNemar and x2 test were used for statistical analyses.
Results: At S2, in the NaOCl group, growth was found in 5 of 19 root canals. After the removal of MSS or
Ca(OH)2 bacteria were retrieved from one root canal in both groups. At S3, repopulation of the root canals
had occurred in 14 of 19 roots after sole NaOCl irrigation, 6 of 20 roots after MSS-dressing and in 14 of 20
roots after Ca(OH)2-dressing. MSS was more effective in preventing regrowth than Ca(OH)2 (P = 0.009).
Conclusions: The modiﬁed salt solution prevented regrowth in roots which indicates that it can eliminate
persistent bacteria. Dressing the root canals with Ca(OH)2 did not provide additional disinfection after
NaOCl irrigation.
ã 2015 Elsevier Ltd. All rights reserved.
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Apical periodontitis (AP) is the inﬂammatory response to
microbial infection of the root canal system [1]. Accordingly,
cleaning and disinfection is an important aim of root canal
treatment. Currently, surface disinfectants such as sodium
hypochlorite (NaOCl) are used to clean and disinfect the root
canal system but they often appear insufﬁcient to eliminate
microorganisms due to the complex shape of the root canal system
[2]. Calcium hydroxide (Ca(OH)2) is a frequently used temporary
dressing with the aim to further reduce the microbial load [3].
Unfortunately, at present in 20% of AP cases the AP does not resolve
after root canal treatment [4] and therefore, there is a need for
improved root canal disinfection.
Hypertonic salt solutions inactivate bioﬁlm bacteria [5,6] which
has prompted the development of a modiﬁed salt solution (MSS)* Corresponding author.
http://dx.doi.org/10.1016/j.jdent.2015.07.015
0300-5712/ã 2015 Elsevier Ltd. All rights reserved.[7,8] MSS contains sodium chloride and potassium sorbate and its
mode of action is based on a multiple-hurdle strategy which
combines a series of stress factors (hurdles) that the micro-
organisms are unable to overcome (jump over). Examples of such
hurdles include low or high temperature, osmotic pressure, pH,
lack of oxygen and the use of preservatives [9]. While being
confronted with these hurdles, the microorganisms try to adapt
like they would do in the lag-phase of the bacterial growth cycle.
Adaptation however, demands energy and once there are several
hurdles to overcome the microorganisms can become exhausted.
This strategy is applied in the food industry to inhibit microbial
growth in freshly prepared foods [9]. The charm of a multiple-
hurdle disinfection approach is that the right combination of safe
components can yield a synergistic effect [8].
MSS inactivates multi-species bioﬁlm bacteria when in direct
contact with the bioﬁlms [7]. Since, it is a mixture of highly
concentrated salts, it is also expected to diffuse past the main root
canal lumen into more distant areas. However, the hypothesis that
MSS may eliminate microorganisms beyond the main root canal
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of MSS is to be tested in a clinical study, but for a consent of a
medical ethical committee data must be generated in models with
well-controlled parameters.
Previously, ex-vivo infected root canals were disinfected with
for example NaOCl 10]. Immediately after disinfection, the root
canals seemed free of bacteria with paper point sampling (PPS). In
spite of that, after days repopulation of the canals by the previously
irretrievable bacteria had occurred. Such a model may be suitable
to explore the efﬁcacy of MSS in areas beyond the main root canal.
If after treatment, micro-organisms persist in the irregularities of
the root canal system, then the efﬁcacy of MSS in eliminating those
micro-organisms can be put to the test.
Therefore, the aim of this paper is to investigate whether MSS
and Ca(OH)2 applied as an inter-appointment root canal dressing
can eliminate ‘distant’ root canal infections.
2. Materials and methods
2.1. Group size and groups
The group size was determined as N = 16 for the experimental
groups with G*Power 3.9.1.2 software (Franz Faul, Universitaet Kiel,
Germany) with an a-value of .05, a power of 80%, an effect size of
0.8 and 2 degrees of freedom. Round and oval canals were equally
distributed between the groups. Round was deﬁned as height:
width = 1:1; oval was deﬁned as ‘not round’.Fig.1. Scheme of study design including sampling moments. From top to bottom: after an
or NaOCl with MSS or Ca(OH)2, Groups 2 and 3. After each treatment, bacteria were allowe
the untreated control. At S1–S3 the root canal were sampled. Group 5 represents the sThe groups were: (1) irrigation 1% NaOCl; (2) irrigation 1%
NaOCl plus MSS dressing; (3) irrigation 1% NaOCl plus Ca(OH)2
dressing; (4) negative control and (5) sterile control. Group 1
served as a negative control to Groups 2 and 3 (Fig. 1).
2.2. Sample preparation
Eighty single-rooted teeth with one root canal were selected
from the dental school collection of extracted teeth where they
were stored in tap water. By decoronation, the root lengths were
standardized to 12 mm. The working length (WL) was determined
by subtracting 0.5 mm from the length where a size-10 K-ﬁle
(Dentsply Maillefer, Ballaigues, Switzerland) was visible at the
apical foramen. The canals were prepared with Mtwo rotaries till
40.04 (VDW GmbH, München, Germany). After each instrument
change, the canals were irrigated with 2 mL 2.5% NaOCl. After
iodometric titration [11], the NaOCl stock solution (Orphi Farma,
Lage Zwaluwe, The Netherlands) was diluted to obtain the required
concentrations. The irrigation needle (NaviTip 30 gauge; Ultradent
Products Inc, South Jordan, UT, USA) was inserted 1 mm short of the
WL. Final rinses were 3 mL 17% EDTA (Pulpdent Corporation,
Watertown, WA, USA), 10 mL 2.5% NaOCl and 10 mL saline
(Versylene1, Fresenius Kabi, Sevres, France).
On the outside, the apical foramen was sealed with composite
(Bisco Ælite FloTM, Bisco Inc., Schaumburg, IL, USA) and the dentinal
tubules were sealed with nail varnish (HEMA, Amsterdam, The
Netherlands). Then, the roots were embedded in Futar D Slow inoculation period of three weeks, the roots were treated with NaOCl alone, Group 1,
d to repopulate the root canals during a 7-day incubation period. Group 4 represents
terile controls.
Table 1
In the negative controls (Group 4), the average log number of CFUs per root canal.
Mean SD
S1 5.22 1.28
S2 5.86 1.18
S3 6.15 1.00
Average log number of CFUs increased between S1 and S3; P = 0.03.
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microtube with screw cap (Sarstedt Aktiengesellschaft & Co.,
Nümbrecht, Germany). The specimens were kept moist with sterile
saline and autoclaved.
2.3. Inoculation
Seventy-four roots were inoculated with a fresh culture
containing approximately 5.0  106 cells/mL Enterococcus faecalis
ER5/112 in tryptic soy broth (TSB; BactoTM, Becton, Dickinson and
Company, Le Pont de Claire, France) and incubated anaerobically
(80% N2, 10% H2 and 10% CO2 with a palladium catalyst) at 37 C.
After two weeks, the inoculation procedure was repeated. Fresh
medium was added to the roots twice weekly for 3 weeks. In the
anaerobic jar, open containers with demineralized water pre-
vented dehydration of the specimens. Once a week, two random
roots were checked for purity of the culture. The sterile controls
were not inoculated.
2.4. Treatments
For each root, a sterile irrigation needle was used until 1 mm
short of the WL.
Group 1: the canals were irrigated with 2 mL 1% NaOCl. To
prevent carry-over, the canals were irrigated with 5 mL demin-
eralized water, dried and sampled. After sampling, the canals were
ﬁlled with TSB and the roots were incubated at 37 C anaerobically
for 7 days.
Groups 2 and 3: the canals were irrigated with NaOCl and
thoroughly dried with paper points. In Group 2, the root canals
were subsequently dressed with 10 mL MSS; in Group 3, with 10 mL
Ca(OH)2 (Ultracal1 XS, Ultradent Products Inc.). For dressing the
canals, the irrigation needle was introduced until 1 mm from WL.
The roots were dressed for 7 days at 37 C anaerobically. After the
treatments, MSS or Ca(OH)2 were removed by irrigation with 5 mL
demineralized water. The canals were dried and sampled. Then, the
canals were ﬁlled with TSB (see further Group 1). At S3, again
samples were taken.
Groups 4 and 5 received fresh TSB instead of a treatment (Fig.1).
2.5. Sampling and microbial processing
Bacterial samples were taken from the root canals after
infection (S1), after treatment i.e. NaOCl irrigation or root canal
dressing (S2) and after 7-days incubation for regrowth (S3) (Fig. 1).
To halt the antimicrobial action of NaOCl a neutralizer containing
1% sodium thiosulphate was used [13,14]. The samples were
obtained by ﬁlling the canal with the neutralizer (10 mL) for
2 min. Then, three sterile paper points size 40 (Henry Schein,
Melville, NY, USA) were inserted until WL. After 1 min, all canal
contents had been absorbed and the paper points were collected
in vials containing 2 mL phosphate buffered saline (PBS). The
paper points in PBS were sonicated on ice (45 pulses in 90 s.).
After ten-fold dilution, aliquots were seeded in duplicate on brain-
heart-infusion-agar plates (BactoTM). At S3 of Groups 1–3, bacterial
growth was noted as growth or no growth. Of the other samples,
the colony forming units (CFU) were counted and the numbers of
CFU were log transformed.
2.6. Data analysis
IBM SPSS software (version 21; International Business
Machines Corp, Armonk, NY, USA) was used for statistical analyses.
The log numbers of CFU at S1, S2 and S3 of the negative controls
were compared with paired T-tests. Due to the not normal
distribution of the data in Groups 1–3, the differences between theGroups at S2 were calculated with the Kruskal–Wallis test and
differences between S2 and S3 and between Groups 1–3 at S3 with
the McNemar and x2 tests. Post-hoc tests were performed as
Fisher's exact tests on all three pairwise 2  2 comparisons.
a < 0.05 was considered signiﬁcant.
3. Results
This study was undertaken to investigate whether MSS and Ca
(OH)2 applied as an inter-appointment root canal dressing can
eliminate ‘distant’ root canal infections.
After autoclaving, two roots were discarded due to the
occurrence of cracks; therefore the numbers per group as indicated
in Fig. 1 are the numbers of included specimen after the last step in
sample preparation, i.e. autoclaving. Then, the decision was made
to make the NaOCl group and the negative control group smaller in
order to keep the MSS and Ca(OH)2 groups equal.
After inoculation during growth and treatment, samples were
taken from the root canals after infection (S1), after treatment i.e.
NaOCl irrigation or NaOCl irrigation plus root canal dressing (S2)
and after 7-days incubation for regrowth (S3) (See Section 2 for
details).
The negative controls contained on average 6.2  106 1.4 107
CFUs E. faecalis per root canal. In Table 1 the mean log number of
CFUs of the negative controls at S1, S2 and S3 are presented. The
average log number of CFUs increased between S1 and S3; P = 0.03.
Table 2 shows the number of roots with growth at S2. The
regrowth, S3, is presented in Table 3. MSS showed less regrowth
compared to NaOCl irrigation (P = 0.014) or compared to NaOCl and
NaOCl plus Ca(OH)2 (P = 0.009). In the root canals where no
bacteria were sampled at S2, bacteria were again recovered at
S3 in 64% of canals with NaOCl (9 of 14), 26% with MSS (5 of 19)
and 68% with Ca(OH)2 (13 of 19). This shows that elimination of
micro-organisms from areas that are more distant from the main
root canal lumen is possible.
4. Discussion
The present study was aimed at and proofs that the studied
Modiﬁed Salt Solution is able to penetrate into areas behind the
lumina of main root canals and kill E. faecalis. Because of the highly
concentrated formula of MSS, it is targeted to diffuse into these
areas beyond the main root canal lumen. Indeed, migration of
molecules from an area of high concentration to an area of a lower
concentration is a law of physics. Diffusion resulting in hyper-
osmotic stress in micro-organisms is one of the hurdles of the
multiple-hurdle strategy of MSS application. Other hurdles are
weak-acid stress and the growth inhibitory properties of sorbic
acid.
The model used in this study is developed on the basis of an
earlier ex-vivo study [10]. At present, there are no valorized
endodontic models that can quantify the efﬁcacy of medicaments
behind or past the root canal lumen. For instance in a dentin-block
model, smearing of bacteria from the inner layer to the outer layers
can be an issue [15]. Microscopy models where bioﬁlms are stained
with viability stains may not accurately reﬂect the viability state of
the cells [16,17]. Also, with microscopy the efﬁcacy of medicaments
Table 2
Growth in number of roots after the treatment with NaOCl, NaOCl plus MSS or NaOCl plus Ca(OH)2 (S2).
1% NaOCl 1% NaOCl + MSS 1% NaOCl + Ca(OH)2 Untreated control
No growth 14 19 19 0
Growth 5 1 1 15
Table 3
Number of roots with regrowth after 7-days incubation with growth medium (S3).
1% NaOCl 1% NaOCl + MSS 1% NaOCl + Ca(OH)2 Untreated control
No growth 5 a 14 b 6 a 0
Growth 14 c 6 d 14 c 15
In the same row, different letters represent a statistically signiﬁcant difference between the groups.
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sight seem to be a paradox because only superﬁcial bacteria can be
retrieved by paper point sampling (PPS) [2,18–20]. Indeed, the root
canal lumen may seem free of bacteria while bioﬁlms in
irregularities of the root canal system can still be present [10].
These residual bioﬁlms however, can be suitable for testing the
depth action of MSS or Ca(OH)2 because living bioﬁlms dissemi-
nate living cells which can then be isolated from the main root
canal with PPS. So, although the employed model is not a realistic
endodontic setting, a good feature is that where sampling of deep
bioﬁlms with PPS is not possible, by measuring regrowth the
viability of the deeper bioﬁlms can be proven. The current data
show that at S2 almost all planktonic cells were removed, but that
the attached bioﬁlms behind the lumen were less affected because
the presence of planktonic E. feacalis cells at S3 in the control Group
4 points to these live residual bioﬁlms at S2.
E. faecalis was used in this study because this species attaches to
a surface, produces bioﬁlms, disseminates to planktonic cells and is
found in endodontic infections (all own unpublished data and
[12]). The current strain has been isolated from an endodontic
infection and the stock was stored at 80 C. To limit mutations
during frequent subculturing of a strain, the cultures were taken
directly from this stock and subcultured once. A single-species
bioﬁlm was employed to avoid the chance of overlooking the
presence of bacteria in mixed-species populations that cannot be
cultured. Another debatable variable in the model is the removal of
the active agents with 5 mL of demineralized water. This volume
was chosen to dissolve the highly concentrated MSS. Consequently,
the other groups were handled identically. Although, Ca(OH)2 can
be difﬁcult to remove after application, in this assay rinsing with
5 mL of demineralized water was enough to allow regrowth.
In the current study at S1, Groups 1–3 were not sampled
because the results of the negative controls served as baseline
measurements for the experimental groups. At S3, regrowth was
regarded as a dichotomous variable because when the medica-
ments are neutralized and the conditions for bacterial growth are
favourable, then regrowth occurs until nutrient depletion.
Consequently, quantiﬁcation of regrowth in the present study,
but possibly also in other similar studies, provides no valid
information about the number of residual bacteria at S2. This also
entails that the current results cannot be compared to studies
which did quantify regrowth [21,22]. In the current assay after
culturing on agar plates, all regrowth was more than 105 cells per
root canal.
Although our model was similar to another study [10], in our
previous studies with 2%-NaOCl irrigation bacteria were recovered
from only 36% of infected roots. To increase this number of infected
roots after NaOCl treatment, a pilot study was performed on the
maximal concentration necessary to obtain no growth at S2 butmore than 80% E. faecalis positive root canals at S3. We found that
1% NaOCl was able to achieve this goal and therefore this
concentration was used in the current study. Differences in
regrowth between our and other studies can be explained by
variations in root canal anatomy or different susceptibilities of the
E. faecalis strains. The chemical instability of NaOCl can also have
played a role [23,24] which is why, shortly before the experiments,
the concentration of our NaOCl stock was measured.
In the present study, Ca(OH)2 treatment after NaOCl irrigation
resulted at S2 in 1 of 20 roots positive for bacterial regrowth, which
is comparable to other reports [25–27]. Although other studies
may have reported about the absence of unculturable species after
Ca(OH)2 application, the current high regrowth rate of 14 positive
canals out of 20 at S3, however, is a new ﬁnding [25,28]. On the
other hand, in a histological in-vivo study, residual bacteria have
been found after Ca(OH)2 dressing [20] and in-vitro after Ca(OH)2
application bacteria remained viable in the dentinal tubules which
can explain the current regrowth data [15,29,30].
This study was not aimed at testing the antimicrobial activity of
MSS on multispecies bioﬁlms since this has been done before [7].
However, we did ﬁnd supportive evidence that MSS is able to reach
more complex root canal structures behind the main canal lumen
thus enhancing disinfection of the root canal system in situ.
Eventually, MSS is to be tested in a true endodontic setting: a
clinical study.
5. Conclusion
In this model, the modiﬁed salt solution prevented regrowth of
residual bacteria in about 50% of root canals. Ca(OH)2 gave no
additional disinfection after irrigation with NaOCl. The efﬁcacy of
MSS is likely related to the ability to diffuse. New models should be
developed to monitor and quantify the effect of diffusion of MSS or
other medicaments into multispecies bioﬁlms or other deﬁned
areas.
Clinical signiﬁcance statement
With the currently used surface disinfectants such as sodium
hypochlorite, complex-shaped infected root canal systems often
cannot be completely disinfected. This paper shows that the
modiﬁed salt solution has the potential to disinfect in areas beyond
the main root canal.
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